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With 1.4 million deaths in 2011 and 8.7 million new cases, tuberculosis (TB) disease
remains a global scourge. Global targets for reductions in the epidemiological burden of
TB have been set for 2015 and 2050 within the context of the Millennium Development
Goals (MDGs) and by the Stop TB Partnership. Achieving these targets is the focus of
national and international efforts in TB control, and demonstrating whether or not they
are achieved is of major importance to guide future and sustainable investments.
This paper discusses the methods used to estimate the global burden of TB; estimates of
incidence, prevalence, and mortality for 2011, combined with assessment of progress
toward the 2015 targets for reductions in these indicators based on trends since 1990
and projections up to 2015; trends in TB notiﬁcations and in the implementation of the
Stop TB Strategy; and prospects for elimination of TB by 2050.

With 1.4 million deaths resulting from tuberculosis (TB) in
20111 the disease competes with the human immunodeﬁciency virus (HIV) as the top cause of death from an infectious
agent.2 TB still takes a huge toll, especially among the poorest.
It is a leading killer among people in the most economically
productive age groups and those living with HIV.3 Those who
are cured of TB can be left with lifetime sequelae that
substantially reduce their quality of life.4 Following neglect
of the disease during the 1980s,5,6 the recognition of its
substantial burden has kept TB control high on the international public health agenda since the early 1990s. The dramatic effect of the HIV epidemic on numbers of TB cases and
deaths in Africa, evidence that short-course chemotherapy is
among the most cost-effective of all healthcare interventions,7,8 and most recently the global concerns about the
emergence of multidrug-resistant and extensively drug resistant TB (MDR and XDR-TB) have emphasized the need to
address TB more effectively on a global scale.
Global targets for reductions in the epidemiological burden of TB have been set for 2015 and 2050 within the context
of the Millennium Development Goals (MDGs) and separately
by the Stop TB Partnership, a global coalition of stakeholders
established to coordinate international efforts (►Table 1). The
principal MDG target is that the incidence rate should be
falling by 2015. The additional targets set by the Stop TB
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Partnership are that prevalence and death rates should be
halved by 2015 compared with their level in 1990, and that TB
should be eliminated as a public health problem by 2050,
deﬁned as less than one case per million population. Reaching
these targets is the focus of national and international efforts
in TB control, and the World Health Organization (WHO) has
established a Global Task Force on TB Impact Measurement9
to ensure the best possible evaluation of whether or not they
are achieved. To reach these goals WHO recommends the Stop
TB strategy10 (►Table 2). The strategy comprises best practices in the diagnosis and treatment of patients with active TB,
approaches to address major epidemiological and system
challenges of today, and the promotion of research for
innovations. It was launched in 2006 and underpins the
Global Plan 2011–2015,10 a comprehensive and budgeted
plan to reach the global targets.11–13
Each year, WHO publishes estimates of TB incidence,
prevalence, and mortality at global, regional, and national
levels, along with an analysis of progress toward achievement
of global targets.1 This paper covers the methods used to
estimate the global burden of TB; trends in incidence, prevalence, and mortality from 1990 to 2011, with projections up
to 2015; progress in the global response to TB, with special
attention given to MDR-TB and TB/HIV, and prospects for
elimination of TB by 2050.
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Table 1 Goals, target, and indicators for tuberculosis control
Health in the Millennium Development Goals
Goal 6: Combat HIV/AIDS, malaria and other diseases
Target 6c: Halt and begin to reverse the incidence of malaria and other major diseases
Indicator 6.9: Incidence, prevalence, and death rates associated with TB
Indicator 6.10: Proportion of TB cases detected and cured under DOTS
Stop TB Partnership targets
By 2005: At least 70% of people with sputum smear-positive TB will be diagnosed (i.e., under the DOTS strategy),
and at least 85% successfully treated. The targets of a case detection rate of at least 70% and a treatment success rate
of at least 85% were ﬁrst set by the World Health Assembly of the World Health Organization in 1991.
By 2015: The global burden of TB (per capita prevalence and death rates) will be reduced by 50% relative to 1990 levels.
By 2050: The global incidence of active TB will be less than one case per million population per year.
Abbreviation: DOTS, directly observed treatment, short course.

Methods
The burden of disease caused by TB can be measured in terms
of incidence, deﬁned as the number of new plus relapse (or
recurrent) cases of TB arising in a given time period, usually
1 year; prevalence, deﬁned as the number of cases of TB at a
given point in time; and mortality, deﬁned as the number of
deaths caused by TB in a given time period, usually 1 year.
Measuring the incidence of TB at the national level has
never been done because it would require active follow-up
over 1 or 2 years of nationally representative cohorts of tens
of thousands of people at high cost and with extremely
challenging logistics. Surveys of infection using tuberculin
skin testing have been used in the past to derive estimates of
incidence of TB disease, but the interpretation of such surveys
is typically very difﬁcult, especially where a high prevalence
of HIV infection has altered the natural course of the disease.9
The best alternative is to estimate incidence from routine
surveillance systems, in which case reports are more or less
complete, such that notiﬁcations can be considered a close
proxy of incidence. This is possible in countries such as the
United Kingdom and the United States, where there is a long
tradition of reporting TB morbidity and mortality and where
operational research has been used to quantify the small
fraction of cases that are treated but not reported to surveillance systems.14 Surveillance systems in many countries are
not yet comprehensive enough to provide a direct measure of
TB incidence. Many cases are either treated but not reported
(e.g., when cases are treated in the private sector or in general
hospitals that are not part of services linked to national
programs) or go undiagnosed (e.g., when people with no
health insurance and no social protection lack access to health
care or when the laboratory network is underperforming). In
these countries, estimating incidence in absolute terms and
trends over time requires an evaluation of the quality and
coverage of available TB notiﬁcation data. Evaluation of data
quality includes analysis of the completeness of reporting,
whether there are duplicate or misclassiﬁed records,15 and
the internal and external consistency of national and subnational data (internal consistency means data are consistent
over time and space, or that variation can be explained;
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external consistency means that data are consistent with
existing evidence about the epidemiology of TB).16 Evaluation
of the coverage of TB notiﬁcation data involves analysis of the
extent to which trends in notiﬁcations or trends in reported
TB deaths from vital registration systems reﬂect trends in
incidence rates or the extent to which they reﬂect changes in
other factors (such as programmatic efforts to ﬁnd and treat
more cases). An example from Kenya illustrates how the effect
of the HIV epidemic and case-ﬁnding efforts on trends in TB
notiﬁcations can be separated and used to improve estimates
of trends in TB incidence rates.17 Even when notiﬁcation data
from all reporting units are available and of high quality and
when they appear to be a reasonably good proxy of trends in
TB incidence, the reported data are not necessarily sufﬁcient
to estimate TB incidence in absolute terms. To do this, an
analysis of the fraction of TB cases that are being captured in
ofﬁcial notiﬁcation systems is required.14 The major reasons
why cases are missed from ofﬁcial notiﬁcation data include
laboratory errors,18 lack of notiﬁcation of cases by public19
and private providers,20 failure of people accessing health
services to be identiﬁed as potential TB cases,21 and lack of
access to health services.22 Operational research (such as
capture–recapture studies) as well as supporting evidence
(such as whether prescriptions for TB drugs are available in
the private sector, and the knowledge, attitudes, and practices
of staff managing people suspected of having TB in primary
health care facilities) can be used to assess the fraction of
cases that are missing from ofﬁcial notiﬁcation data.14,23–26
WHO is working closely with countries to review and update
estimates of TB incidence on a regular basis.
In countries with a high burden of TB, prevalence can be
directly measured in nationwide surveys using sample sizes
of around 50,000 people; costs range from 1 to 4 million US$
per survey.27,28 In recent years, several countries have successfully measured the prevalence of TB disease through such
surveys,29–32 despite logistic challenges and high operational
costs. Because prevalence typically falls more quickly than TB
incidence in response to control efforts, a series of surveys
conducted at relatively wide intervals of 7 to 10 years can be
very useful for capturing large changes in the epidemiological
burden of TB in high-burden countries. For instance,
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Table 2 The Stop TB strategy97,98
Vision, goal, objectives, and targets
Vision
A world free of tuberculosis (TB)
Goal
To dramatically reduce the global burden of TB by 2015 in line with the Millennium Development Goals and the Stop
TB Partnership targets
Objectives
• Achieve universal access to high-quality diagnosis and patient-centered treatment
Downloaded by: IP-Proxy University of Toronto Libraries, University of Toronto Libraries. Copyrighted material.

• Reduce the human suffering and socioeconomic burden associated with TB
• Protect poor and vulnerable populations from TB, TB/HIV, and multidrug-resistant TB
• Support development of new tools and enable their timely and effective use
Targets
• MDG 6, Target 8: …halted by 2015 and begun to reverse the incidence…
• Targets linked to the MDGs and endorsed by the Stop TB Partnership:
– By 2005: detect at least 70% of new sputum smear-positive TB cases and cure at least 85% of these cases
– By 2015: reduce prevalence of and death due to TB by 50% relative to 1990
– By 2050: eliminate TB as a public health problem (<1 case per million population)
Components of the Stop TB strategy
1. Pursue high-quality DOTS expansion and enhancement
• Secure political commitment, with adequate and sustained ﬁnancing
• Ensure early case detection, and diagnosis through quality-assured bacteriology
• Provide standardized treatment with supervision and patient support
• Ensure effective drug supply and management
• Monitor and evaluate performance and impact
2. Address TB-HIV, MDR-TB, and the needs of poor and vulnerable populations
• Scale-up collaborative TB/HIV activities
• Scale-up prevention and management of multidrug-resistant TB (MDR-TB)
• Address the needs of TB contacts and of poor and vulnerable populations
3. Contribute to health system strengthening based on primary health care
• Help improve health policies, human resource development, ﬁnancing, supplies, service delivery and information
• Strengthen infection control in health services, other congregate settings and households
• Upgrade laboratory networks, and implement the Practical Approach to Lung Health (PAL)
• Adapt successful approaches from other ﬁelds and sectors, and foster action on the social determinants of health
4. Engage all care providers
• Involve all public, voluntary, corporate and private providers through Public-Private Mix (PPM) approaches
• Promote use of the International Standards for Tuberculosis Care (ISTC)
5. Empower people with TB, and communities through partnership
• Pursue advocacy, communication and social mobilization
• Foster community participation in TB care
• Promote use of the Patients’ Charter for Tuberculosis Care
6. Enable and promote research
• Conduct program-based operational research and introduce new tools into practice
• Advocate for and participate in research to develop new diagnostics, drugs and vaccines
Source: http://www.who.int/tb/strategy/en/.

Seminars in Respiratory and Critical Care Medicine

Vol. 34

No. 1/2013

Global Epidemiology of Tuberculosis

Glaziou et al.

Fig. 1 Countries in which surveys of the prevalence of tuberculosis have been implemented since 1990 or are planned in the near future.

Cambodia and China have conducted repeat prevalence surveys showing signiﬁcant declines in prevalence over time.
In total, 13 high-burden countries conducted at least one
national prevalence survey between 1990 and 2011, and 8 of
them have conducted at least one survey according to methods recommended by WHO.27 WHO recommends TB prevalence surveys in 22 priority countries to have a sound
understanding of the burden of disease caused by TB, to
contribute to the assessment of whether the 2015 global
targets are reached, and to provide a baseline for measurement of progress post-2015. Prevalence surveys have proved
extremely useful for designing and adapting national TB
control program strategies. It is anticipated that 20 countries (►Fig. 1) will implement a prevalence survey between
2010 and 2015. As a result, a large proportion of the global
burden of TB as expressed in terms of TB prevalence will be
directly measured from population-based surveys by 2015, as
opposed to indirectly estimated from statistical modeling.
Repeat surveys that allow measurement of trends in disease
burden have been implemented in the Republic of Korea,
China, Cambodia, and the Philippines over the past 2 decades,
and Viet Nam and Myanmar will conduct repeat surveys
around 2015.
TB mortality among HIV-negative people can be directly
measured if national vital registration (VR) systems of high
coverage—in which causes of death are accurately coded according to the latest revision of the International Classiﬁcation
of Diseases (ICD-10)—are in place.33 Sample VR systems covering representative areas of the country (as in China) provide a
valuable interim solution. By May 2012, 126 countries had
reported data to WHO from vital registration systems.1 Mortality surveys can also be used to directly measure deaths
caused by TB. In 2011, most countries with a high burden of TB
Seminars in Respiratory and Critical Care Medicine

Vol. 34

No. 1/2013

still lacked national or sample VR systems (particularly in
Africa) and few had conducted mortality surveys (►Fig. 2).
TB mortality among people who are HIV-positive is hard to
measure, even when VR systems are in place, because deaths in
this group are coded as HIV deaths, and contributory causes
(such as TB) are generally not reliably recorded. This will need
to be corrected to permit a proper assessment of TB mortality.
In the interim, cohorts of patients who are HIV-positive that are
well monitored in terms of care and autopsy studies provide
very useful data on contributory causes of acquired immunodeﬁciency syndrome (AIDS) deaths.
Estimates of MDR-TB are derived from periodic surveys
conducted by countries among a sample of patients with TB
presenting for treatment, which is representative of a whole
country or part of it. In about 60 countries, results from
routine drug-susceptibility testing (DST) used in the course of
clinical investigation of patients with TB are also used for
surveillance purposes, given that the coverage of patients is
sufﬁciently comprehensive. Standardized methods for conducting drug-resistance surveillance are generally applied in
countries.34 For countries without representative data, a
modeled estimate based on the most recent data from
countries in the same region with a comparable epidemiological proﬁle is used as an approximation.

Epidemiology
TB is contagious and airborne.35 It is a disease of poverty that
thrives where social and economic determinants of ill health
prevail, and it affects mostly young adults in their most
productive years; 95% of TB deaths are in the developing
world.1 About one third of the world’s population is estimated
to be latently infected with TB bacteria.36 Only a small
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Fig. 2 Countries (in blue) for which tuberculosis mortality is estimated directly using measurements from vital registration systems and/or
mortality surveys.

proportion of those infected will become sick with TB,37,38
but people with weakened immune systems have a much
greater risk of falling ill from TB. In particular, a person living
with HIV is over 15 times more likely to develop active TB.1
We know from historical data that, left untreated, smearpositive TB has a 10-year case fatality variously reported
between 53 and 86%, with a weighted mean of 70%,39

compared with 3% of HIV-uninfected treated patients
with TB expected to die due to TB.40

Incidence
In 2011, there were an estimated 8.7 million incident cases of
TB (range, 8.3 million to 9 million) globally, equivalent to 125
cases per 100,000 population. Most of the estimated cases in

Fig. 3 Global trends in estimated tuberculosis (TB) incidence and estimated TB mortality. Left: global trends in estimated incidence including human
immunodeﬁciency virus (HIV)-negative and HIV-positive TB (gray) and estimated incidence of HIV-positive TB (red). The solid black line shows global trends
in case notiﬁcation rates (all forms of TB). Note: Case notiﬁcation rates are consistently lower than incidence due to missed cases (detected but not reported
or not detected). Right: global trends in estimated TB mortality including TB-associated acquired immunodeﬁciency syndrome (AIDS) deaths (gray), in HIVnegative cases (blue), in HIV-positive cases (red). Shaded areas represent uncertainty bands.
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Vol. 34

No. 1/2013

7

Downloaded by: IP-Proxy University of Toronto Libraries, University of Toronto Libraries. Copyrighted material.

Global Epidemiology of Tuberculosis

Global Epidemiology of Tuberculosis

Glaziou et al.

2011 occurred in Asia (59%) and Africa (26%). The largest
estimated numbers of incident cases in 2011 were in India
(uncertainty range 2.0 million to 2.5 million) and China (0.9
million to 1.1 million). Of the 8.7 million incident cases, an
estimated 0.49 million were children (0.47 to 0.51 million),
and 2.9 million (2.6 to 3.2 million) occurred among women.
Of the 8.7 million incident cases in 2011, 1.1 million (1.0 to
1.2 million or 12 to 14%) were among people living with HIV.
The proportion of TB cases coinfected with HIV was the
highest in countries in the African Region; overall, 39% of TB
cases were estimated to be coinfected with HIV in this region,
which accounted for 79% of TB cases among people living
with HIV.
Globally, incidence rates increased from 1990 up to around
2001, and then started to fall (►Fig. 3). If recent trends are
sustained, MDG Target 6.c will be achieved. The absolute
number of incident cases has started to fall very slowly since
the early to mid-2000s, when the decline in the incidence rate
started to exceed the rate of growth in the world’s population.
Incidence rates are declining in all of WHO’s six regions
(►Fig. 4). The current rate of decline varies from less than
1% per year in the Eastern Mediterranean Region to 3.1% in
Africa and 8.5% per year in Europe.

Mortality
A total of 1.4 million people (range, 1.3 million to 1.6
million) died of TB in 2011, of whom 0.5 million were women.
In 2011 the best estimate of the number of TB deaths
worldwide fell below 1 million among people who were
HIV-negative, being around 990,000 with an uncertainty
interval of 0.84 million to 1.1 million (►Fig. 3). There were
also an additional 0.43 million HIV-associated deaths (range,
0.40 million to 0.46 million). HIV had the greatest impact on
TB mortality in Africa (►Fig. 4). Globally, mortality rates have
fallen by 41% since 1990; the current forecast suggests that
the Stop TB Partnership’s target of a 50% reduction by 2015
compared with a baseline of 1990 will be achieved. Mortality

rates (excluding HIV) are also declining in all of WHO’s
regions (►Fig. 5).
Patterns of TB mortality show a rise and fall in most
eastern European countries (►Fig. 6). The resurgence of TB
in eastern European countries during the 1990s can be
explained by the major political, economic, and social disruption associated with the breakup of the Soviet Union in
1991, and related failures in TB control and provision of health
care.41
Antiretroviral therapy (ART) is expected to play an increasing role in preventing TB deaths as coverage expands (16% of
notiﬁed TB cases estimated to be infected with HIV globally
were on ART in 2010).42–44 ART and isoniazid prophylaxis will
also increasingly contribute to prevention of TB in individuals
with both HIV infection and latent TB infection.

Prevalence
There were an estimated 12 million prevalent cases (range, 10
to 13 million) of TB in 2011. The prevalence rate has fallen by
36% globally since 1990. However, current forecasts suggest
that the Stop TB Partnership’s target of halving TB prevalence
by 2015 compared with a baseline of 1990 will not be met
worldwide. Regionally, prevalence rates are declining in all of
WHO’s regions. The Region of the Americas halved the 1990
level of TB prevalence by around 2005, well in advance of the
target year of 2015, and the Western Paciﬁc Region is close to
doing so. Achieving the 50% reduction target by 2015 appears
feasible in the European and Southeast Asia Regions, but not
in the African and Eastern Mediterranean Regions.
In the African and European Regions, prevalence rates
increased substantially during the 1990s, and by 2007 were
still far above the 1990 level in the African Region and just
back to the 1990 level in the European Region. With limited
access to ART, HIV has probably had a smaller effect on TB
prevalence than on incidence because the duration of TB
among patients infected with HIV is relatively short: for
people with advanced HIV infection, the progression to severe

Fig. 4 Trends in tuberculosis (TB) mortality rates in Africa. In HIV-negative people (blue), TB-associated acquired immunodeﬁciency syndrome
(AIDS) deaths (red), total TB deaths (gray). Shaded areas represent uncertainty bands.
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Fig. 5 Trends in estimated tuberculosis (TB) mortality rates excluding human immunodeﬁciency virus (HIV) during the period 1990 to 2011 and
forecast TB mortality rates 2012 to 2015 by World Health Organization (WHO) region. Estimated TB mortality excludes TB deaths among HIVpositive people (which are classiﬁed as acquired immunodeﬁciency syndrome deaths). Shaded areas represent uncertainty bands. The horizontal
dashed lines represent the Stop TB Partnership target of a 50% reduction in the mortality rate by 2015 compared with 1990. The other dashed lines
show projections up to 2015.

Fig. 6 Trends in tuberculosis (TB) mortality rates (excluding human immunodeﬁciency virus) in eastern Europe. The X symbol shows raw TB
mortality rates obtained from national vital registration systems. The raw data are adjusted for incomplete coverage of deaths and for ill-deﬁned
causes of deaths (blue). Shaded areas represent uncertainty bands.
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tuberculosis is rapid, with a marked reduction in life expectancy.45 The gap between the 2015 targets and current
prevalence rates in these two regions means that the world
as a whole is unlikely to meet the target of halving the 1990
prevalence rate by 2015.

Case Notiﬁcations and Treatment Success
In 2011, 5.7 million new cases of TB were notiﬁed by National
TB Programmes (NTPs) to WHO, including 0.3 million recurrent episodes of TB after being previously cured of the disease.
Among people who were diagnosed with TB for the ﬁrst time
(new cases), 2.6 million had sputum smear-positive pulmonary TB. India and China accounted for 39% of the 5.7 million
new and recurrent cases of TB that were reported in 2011
(23% and 16%, respectively); Southeast Asia and Western
Paciﬁc Regions accounted for 60% of cases globally. African
countries accounted for 24% (one quarter of these cases were
from South Africa).
Most cases (88%) were aged 15 to 64 years. Children (aged
<15 years) accounted for <10% of notiﬁed cases in almost all
22 high-burden countries (HBCs) and all WHO regions. The
sex ratio (M:F) was 1.7. The reasons for higher TB notiﬁcation
rates in men are poorly understood.46 Possible explanations
include biological differences between men and women in
certain age groups that affect the risk of being infected as well
as the risk of infection progressing to active disease,47 and
differences in the societal roles of men and women that
inﬂuence their risk of exposure to TB and access to care

(gender differences).48–50 The observation that TB notiﬁcation rates tend to be more equal between men and women in
countries with a high prevalence of HIV supports the hypothesis of biological differences (that can be lessened by immunological suppression due to HIV), but other nonbiological
factors may play an important role. Variation in the sex ratio
among countries may reﬂect real differences in epidemiology
as well as differential access to health care and use of services
linked to the NTP. In some settings (e.g., Afghanistan, parts of
Iran and Pakistan), the sex ratio is less than 1, suggesting that
nonbiological factors may play a role. In national populationbased surveys of the prevalence of TB disease in Asia the sex
ratio has been between around 3 and 4, suggesting that
women access TB care services linked to the NTP to a greater
extent than men in some settings or that disease progression
in those settings could be slower on average in women.
Globally, 86% of the new cases in 2010 were successfully
treated. The treatment success rate was 78% in Africa (where
there has been steady improvement since 2006), 74% in the
Region of the Americas, and 74% in the European Region, in
the latter case probably due to a high prevalence of drugresistant TB. Treatment success for MDR-TB patients was
much lower (to be discussed).

HIV-Associated TB
The prevalence of HIV coinfection in patients with TB is the
highest in the African Region (►Fig. 7). The African Region
accounts for almost 80% of HIV-positive TB cases worldwide.

Fig. 7 Global trends in estimated tuberculosis (TB) incidence rates by World Health Organization (WHO) region. Regional trends in estimated
incidence rates (all forms of TB) including human immunodeﬁciency virus (HIV)-negative and HIV-positive TB (gray) and estimated incidence rate
of HIV-positive TB (red). The solid black line shows global trends in case notiﬁcation rates (all forms of TB). Shaded areas represent uncertainty
bands.
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Of TB patients with an HIV test result, 44% tested positive in
2011, ranging from 8% in Ethiopia to 77% in Swaziland. Sixtynine percent of patients with TB in Africa and 40% worldwide
had been tested for HIV status in 2011, and among TB patients
known to be HIV-positive, 79% were provided with cotrimoxazole preventive therapy (CPT) and 48% were started
on ART. Among people living with HIV, 3.2 million were
reported to have been screened for TB at their latest health
visit in 2011, and 0.46 million of those without active TB were
provided with isoniazid preventive therapy (IPT).
The coverage of ART for patients with TB who are HIVpositive needs to be improved. The enrollment of 48% of
patients with TB known to be HIV-positive on ART is still low,
given WHO’s recommendation that ART should be provided
to all TB patients living with HIV. Screening for TB among
people living with HIV and provision of IPT also need to be
increased. Recording and reporting of both these interventions still remains a challenge, and further efforts are needed
to improve the tracking of progress nationally and globally.

Multidrug-Resistant TB
Drug resistance complicates the management of tuberculosis
and represents one of the most important emerging challenges in the control of TB worldwide.10,51 Resistance develops as a result of inadequate treatment and, contrary to past
beliefs, resistant strains can propagate to other individuals in
the same manner as drug-susceptible ones. Its diagnosis
requires DST of TB strains.
The global surveillance of resistance to the two most
important ﬁrst-line anti-TB drugs—isoniazid and rifampicin—
or MDR-TB has been coordinated by WHO since 1994.52 In
2006, MDR-TB cases infected with strains resistant to further
antibiotics were reported to have poor prognosis. XDR-TB was

Glaziou et al.

deﬁned for MDR-TB cases with additional resistance to the two
most effective classes of second-line drugs—the ﬂuoroquinolones and second-line injectable drugs (amikacin, kanamycin,
and capreomycin).53 XDR-TB cases with even broader resistance patterns have been reported in more recent years from
different countries.54–56
Reliable data on levels of MDR-TB are available from 70% of
WHO’s 194 Member States.1 These data derive from specially
executed surveys or routine surveillance systems that aim to
achieve representativeness in a given setting and the laboratory procedures of which are quality controlled internationally. It is estimated that, on a global level, 3.7% (95%
conﬁdence interval: 2.1 to 5.2%) of TB treatment-naive cases
and 20% (13 to 26%) of previously treated TB cases have MDRTB (►Fig. 8 shows the percentage of new cases with MDR-TB
at country level). By the end of 2011, XDR-TB had been
reported by 84 countries; on average 9.0% (6.7 to 11.2%) of
MDR-TB cases had XDR-TB. These estimates imply that in
2011, among notiﬁed patients with pulmonary TB, there were
an estimated 310,000 (range: 220,000 to 400,000) MDR-TB
cases and 25,000 XDR-TB cases. However, if one considers
all estimated cases of TB, nearly half a million MDR-TB cases
may emerge annually. More than half of these cases would be
expected in China, India, and the Russian Federation alone. TB
patients from countries of the former Soviet Union have the
highest risk of MDR-TB in the world, and one third to one half
of TB cases presenting for treatment in several countries,
including in the Russian Federation and Belarus, are infected
with MDR-TB strains.
The management of drug resistance is based (1) on preventing the emergence of resistant strains through adequate
basic treatment of patients with TB, (2) on the early detection
and proper treatment of existing patients with MDR-TB to

Fig. 8 Proportion of multidrug resistance in new tuberculosis cases. a
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Fig. 9 Treatment outcomes for patients diagnosed with multidrug-resistant tuberculosis (MDR-TB) in countries, 2009 cohorts, by World Health
Organization (WHO) region. The number of countries reporting outcomes for at least one case, followed by total cases with outcome data,
shown beside each bar.

stop transmission, and (3) on measures to limit transmission
through infection control. The management of drug-resistant
TB requires that the necessary program components are in
place to ensure that patient care is supportive, comprehensive, and effective.
Most drug-susceptible TB cases can usually be treated with
a standard course of combination chemotherapy of 6 months
duration. In 2010, treatment success was reported in 86% of
over 5 million previously untreated patients with TB worldwide.8 Patients may not ﬁnish their treatment successfully as
a result of death, but also because of treatment failure or loss
to follow-up. In these two latter situations, the risk of drug
resistance is high. In most MDR-TB cases, a treatment duration of 20 months is recommended and requires daily administration of drugs that are more expensive, more toxic,
and less effective than those used to treat drug-susceptible
forms of TB.57 Among patients with MDR-TB started on
treatment in 2009 only 48% were successfully treated, as a
result of a high frequency of death (15%) and loss to follow-up
or evaluation (28%) (►Fig. 9). Among a subset of 200 patients
with XDR-TB in 14 countries, treatment success was only 33%
overall and 26% died.
Diagnostic testing for drug-resistant TB remains problematic as a result of low capacity to undertake the required
laboratory DST and also to transmit rapidly the data on test
results to the centers responsible for public health reporting.
Suboptimal coverage of DST due to the lack of laboratory
capacity in many countries is one of the main reasons why the
number of people who are diagnosed with MDR-TB remains
low. Globally, only 6% of previously treated TB cases, who are
at a particular risk of drug resistance, were known to have had
DST for isoniazid and rifampicin in 2011. Among patients
with TB who were conﬁrmed to have MDR-TB in 2011, 23%
were reported to have DST also for both ﬂuoroquinolones and
second-line injectable drugs, but coverage varies greatly
between countries.
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Globally, just under 60,000 cases of MDR-TB were notiﬁed
to WHO in 2011, mostly by European countries and South
Africa. This represented 19% of the estimated cases of MDRTB that could be detected were access to DST made universally
available to all reported patients with TB. By the end of
June 2012, new diagnostics based on molecular techniques
have been deployed in 67 low- and middle-income countries,1,58,59 and they should make it possible in future for
more persons with drug-resistant disease to be detected
earlier in the course of their disease, thus improving outcomes. Patients with MDR-TB may be cared for as outpatients
or in hospitals, usually secondary or tertiary facilities. WHO
recommends that where possible patients with MDR-TB be
treated using ambulatory care rather than models of care
based principally on hospitalization. This is important given
that treatment at home is generally more acceptable to
patients, and the risk of infection to other patients, particularly those debilitated by other medical conditions such as
HIV, will be reduced.

Can TB Be Eliminated by 2050?
TB can be controlled by preventing infection, stopping progression from infection to active disease, and detecting
rapidly and treating active disease60,61 (►Fig. 10). To date,
only Bacille-Calmette Guérin (BCG) vaccination (provided to
more than 80% of the annual birth cohort) and treatment of
active TB using ﬁrst-line drugs have been implemented on a
large scale.62,63 With these interventions resulting in a global
decline of some 1.5 to 2% per year, elimination (deﬁned as an
annual incidence of new cases of less than 1 per million
population) will not be achieved by 205064 (►Fig. 11).
In countries with multiple sources of TB data and effective
TB control programs (e.g., China, Cambodia), the annual
decline in estimated TB incidence is estimated at 3 to 4%/
year. Sources of data include measurements of TB prevalence
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Fig. 10 Principles for stopping tuberculosis (TB) transmission. TB
control is based on preventing susceptible individuals from becoming
infected using vaccination, preventing infected individuals from
developing the disease using prophylactic treatment, preventing
individuals with TB from having contact with susceptible individuals
through early detection and cure, isolation, and infection control
measures.

in repeat surveys and annual measurements of TB mortality
through vital registration (VR) systems. The reasons for such
declines in incidence go beyond the impact of biomedical
interventions to control TB and include economic growth
with improvements in living conditions, nutrition, and housing, among other factors.
The fastest declines in TB incidence at the national level
have been observed in countries of Western Europe in the late
1940s and 1950s (i.e., the 2 decades after World War II), when
TB declined at 8 to 10%/ year65 (►Fig. 11). A combination of
enabling factors included a rapid shift from the pre-chemotherapy era to a chemotherapy era, universal health insurance
and social protection, a high level of population coverage of
quality health services, and consistent economic growth.
Faster declines in TB incidence were observed between
1952 and 1970 in an intensively studied population of
Alaskan natives,66 but such declines have never been

Glaziou et al.

achieved on a nationwide basis. As in the immediate post–
World War II period, a paradigm shift in the tools available for
TB control is now needed, in the context of universal health
coverage.67 Incidence would need to decline as fast as 20%/
year for the elimination target to be achieved by 2050.
To accelerate progress, wider application of existing interventions combined with development and implementation of
new drugs, vaccines, and diagnostic tools is required, as set
out in the Stop TB Strategy and the Global Plan to Stop TB.12,13
The 2050 target of TB elimination is most likely to be
achieved if latent infection and disease are treated.68 Randomized controlled trials have shown that up to 12 months of
daily IPT for treatment of latent infection confers 25 to 92%
protection against developing active TB, with results toward
the upper end of this range when patients adhere fully to the
treatment regimen.69 Isoniazid is also a relatively safe drug
(the main side-effect is hepatitis, which occurs in around 1%
of patients), and the exceptionally high risk of TB among
people coinfected with Mycobacterium tuberculosis and HIV
is a reason for promoting much greater use in settings with a
high prevalence of HIV.70,71 To date, however, IPT is not
widely used. In 2011, only a small proportion of HIV-positive
people without active TB were treated with IPT.
Besides IPT, there is considerable scope to expand interventions to reduce TB-related mortality in people who are
HIV-positive. ART decreases the incidence of TB among
people living with HIV (although more research is needed
to understand the impact of large-scale ART programs on TB
epidemics) and reduces mortality. CPT for patients with TB
who are HIV-positive reduces mortality.72,73 In 2011 69% of
patients with TB in the African Region knew their HIV status
from provider-initiated HIV testing and counseling,72,74 and
0.26 million of the estimated 1.1 million HIV-positive TB cases
were started on ART.1 Recent expansion of TB control in areas
where the prevalence of HIV is high has also exposed a neglect
of the basic principles of infection control, where immunosuppressed patients have been exposed to patients with

Fig. 11 Projected trends in tuberculosis (TB) incidence from 2013 to 2050. The y-axis is on a log scale. The global decline in estimated TB
incidence during the period 2005 to 2010 is 1.6%/year. In countries with the best performance over the past decade (e.g., Cambodia, China),
incidence is declining at 3 to 4%/year. In countries with all-time best performance (e.g., Western European countries after World War II), incidence
declined at an average rate of 8 to 10%/year. The decline needed to reach elimination by 2050 is 19%/year from 2013 onward; such a decline has
never been observed on a nationwide basis.
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active TB in clinics and hospitals.75,76 A reappraisal of infection control policies and their implementation in hospitals
and congregate settings is required in many countries.
Provision of diagnosis and treatment for cases of MDR-TB is
mostly conﬁned to the European Region, North America, and
South Africa.77 Urgent improvements in the provision of
services for laboratory culture and DST, new rapid drug
susceptibility tests, as well as treatment are needed in
many countries. The emergence of XDR-TB78,79 has reinforced
the need for updated plans to improve the performance of TB
control, including prevention of resistance ampliﬁcation,
transmission of resistant strains, and the capacity to diagnose
and treat adequately TB drug resistance.80–82
In addition to scaling up interventions related to treatment
of latent infection, TB/HIV, and MDR-TB, the Stop TB Strategy
also emphasizes the importance of engaging all care providers
in both the public and the non-state sectors, to shorten delays
to diagnosis, and to ensure that treatment for all patients (in
both the public and the non-state sector) meets international
standards.83 This means engaging medical services in prisons
and the armed forces; private clinics, nongovernmental organizations, faith-based organizations, mission services, and
hospitals; and clinics in the corporate sector.84–88
Beyond wider use of existing tools, research and development related to new drugs, new diagnostics, and new vaccines has accelerated in recent years.1,6,63,64,89–92 For
example, several pharmaceutical companies have embarked
on the development of new anti-TB drugs, which may shorten
treatment duration to 4 months or less; two drugs targeting
MDR-TB are now in advanced phases of clinical trials. New
diagnostics for rapid detection of MDR-TB that have become
available recently have been endorsed by WHO, and promising rapid tests are being developed.1 The challenge will be to
incorporate new tools into TB control practices while also
strengthening overall health systems and ensuring wider
access to prevention, diagnosis, and treatment.
Finally, recognition that TB depends largely upon social and
economic determinants of ill health is crucial to achieving full
control and elimination. Factors such as smoking, alcohol abuse,
diabetes, indoor air pollution, and malnutrition, like HIV, are
affecting TB epidemiology and impeding faster progress toward
TB control.6,93 At the population level, these various factors
seem to contribute to considerable proportions of TB cases
worldwide and to differing extents by region. Therefore,
preventive strategies may result in remarkable outcomes
among certain vulnerable groups, such as people with diabetes
and those infected with HIV. Likewise, reductions in levels of
smoking, alcohol abuse, malnutrition, and indoor air pollution
will likely be associated with reductions in TB infection and
disease. Ultimately, broad education of people, promotion of
good health, universal health care coverage,94 and povertyreduction strategies will have an effect on the TB epidemic by
progressively removing individuals from the vulnerable pool.

in major gains over the past few decades. Recent discoveries
and new tools have prompted a more optimistic view of the
future course of the TB pandemic. Nevertheless, the numbers
of new TB cases that occur each year and the number of people
who die from TB are still high, particularly in poor and
otherwise disadvantaged populations.95 To achieve global
targets set for 2015 and 2050, major and urgent scaling up
of the interventions and approaches included in the Stop TB
Strategy is needed in most countries.6,63 A post-2015 global
strategy to control TB will necessarily include the successful
development and application of new drugs, diagnostics, and
vaccines,96 as well as a clearer understanding of the impact of
social and economic determinants of ill health. An intervention
to reduce the risk of TB in the large pool of infected individuals
(vaccine or chemoprophylaxis) must also be initiated to accelerate the decline in TB incidence.
Overall, we are at a crossroads in TB care and control: new
technological advances are ﬁnally becoming available after
decades of stagnation, and most countries have adopted
sound approaches to the many existing challenges. Increased
investments, both by endemic countries themselves and,
where needed, from international sources are necessary to
sustain the gains, consolidate the efforts, and pursue bolder
targets toward elimination in the coming decades.
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